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Pr inc ipa l  new re su l t s  i n  this  repor t  a r e :  

i. P205 glassing not only ge t t e r s  Xa, but a l sc  stabilizes: 

S i0  even at  concentrations of Pia around 10 c m  . 
2. A i-nodel for  instability of Si sur face  potential  has  L;c:cn 

developed which explains s low dr i f t  wi th  field-?l&tc 2osit ive 

followed by fas t  dr i f t  w i t h  plate negative in hot-bias  MOS 

tes t s .  

18 - 3  
2 

P r e l i m i n a r y  r e su l t s  of hydration arid radioactive gold experi.mer,ts 

a r e  zlso reported.  
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F U ~ ; I O S C :  

p:-o;>crxj i:s of silicon planar  deviccs and (2)  

s i l icon device engineers  can use  to  improve  reliabil i ty.  

(i) TO under stacd facxors c0i:tributing 'LO instsbii i ty ir: : , ' . L ~ - : ~ ~ L :  

to provide inEor:r,ation ~ : i - ~ <  c h  

Int r o du c: ! i o 11 

Fear months have elapsed since the last r e p o r t  on the gi-arc .  

th is  ileriod main  ernphasis h a s  Isecn i n  ~ W O  a r c a s  (1) Phss iva t lcn  c L ( ~ ~ '  i? - A . . ) r  '- ~- -,-* -\c. 

impur i ty  by phosphosil icate glass and (2)  Theory  of impur i ty  charge  ir, MOS 

oside.  

ZG:~;-~:, 

The f o r m e r  work  will b e  presented this  Fall at  the 1967 IE-EZ RL: l ian i l i ty  

Phys ic s  Symposium, the la t te r  was presented  May 10 to t h e  Electroche.--: cz1  

Society 2nd has  been submitted for publication. 

Significant conclusions f rom this work which should provide sil icon device 

engineers  with information to improve rel iabi l i ty  are: 

(1) The P 0- glassing p rocess  does il>ore thzn get ter  Xa, it mzin'iains 
18 - 3  

2 s  
t he  Si sur face  s table  even with Na concentration around 10 c m  

in the oxide. 

(2)  Theory  compared  t o  experiment indicates  that re la t ively s l c w  s u r i a c e  

potential shift general ly  observed i n  hot-bias  i s  cha rac t e r i s t i c  0:: S a  

d;.ift a c r o s s  the oxide. This, and the  r e a s o n  for  asyrnmexry il-. ;:at- 

bias  cyclic drift  i s  discussed l a t e r  i n  detail .  

Two other  a r e a s  of r e s e a r c h  a r e  being actively pursued:  

(1) Impuri ty  interact ion (water spccics-Na)  

(2)  Gold effects 

intc:rface Slates,  their  or igin a:id in te rac t ion  with impur i t ies ,  i s  t k ~  :?est 

part  of t h e  r e s e a r c h  p rogram to 'sc investigated.  



. .  Silicon su r face  potefitial under \ v e t - g r o w n  oxide was s t ~ l > i l i z c c  1 J - j  

0 
2rowir.s a phosphosilicate glass layer over  thc osicie a t  900 C. P r c , f ~ ~ ~ r . g  

82  
o i  s lass -oxide  contaminated with radioactive Na  24 U -  3 -- , and e lec t r ica l  

m e a s u r e m e n i s  on MGOS capacitors w’as  done. 

ob ia ine i  by activation analysis  of P 

Phos2horus  pro i i les  were  
32 . 

Phos.;horus concentration proi i les  a r e  shown in F i g .  1 fo r  glass over  

oxide a s  grown for  30 i-nin. at 900 C and for  a sample  which w a s  heated ari 

additional 30 min .  at  9 0 0  C in nitrogen. 

0 

0 

Penet ra t ion  of the glass/oxide interface w a s  detcr:niint?cl by c tch- ra te  
l / 2  . and was  found to proceed a s  t ime indicating that  diflusion of P,O,- was 

- 3  

ra te- l imit ing penetration. The concentration o i  E. C in  the glass was 

5 - 8  4; 10 c m  i n  c lose  agreement  with the cqui1ibriur.i concentration 

obtained f rom the phase-diagram at 900 C (” ‘). 

2’ tial ;mount of Phosphorus diffuses into the S i 0  

2 5  
21 - 3 .  

W e  note that a substan-  

In a n  effort  to  determine  mechanisms by which phosphosi1ica;e g lass  

stabil ized the Si0 /Si systei-n, relatively l a r g e  concer,tratioi;s oi N a  w e r e  

diffused in to the Slass/oxide.  T h e  ’iechniquc used to accomplish .ibis V.,LS 

to containinate the outer  surface with NaBr a f te r  glassing and then to cover  

1viti-L a polished Si s l ice  during 30  min. aiiiilsion a t  903  C. In this  u’sy, 3;ib- 

s tant ia l  Na w a s  re ta ined within the oxide. 

before.glassi .ng and af te r  glassing for  two samples  i s  shown i n  F i g .  2 ,  i n -  

dicating that heavier  contamination w a s  achieved by the la t te r  technique. 

(1) no C-V flat 

2 

0 

A compar ison  of contamination 

The r e su l t  of this  heavy contamination was  however:  
0 

band voltage shift (AV) and (2) no substantial  AV a t  high s t r e s s  (200  C,  
6 

10 v / c n i j .  

P re i e ren t i a l  segegrat ion of Na at  the g lass /oxide  interface,  found in  

this  work,  has  been d iscussed  i n  the las t  repor t .  
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CONCL'., SIGSS 

The m a j o r  conclusions of this  work a r c :  

1. Pl-iosphosiiicate g l a s s  g r o w n  over  s i l icon dicxidc, 

t r a p s  Ka and B r  i n  o r  near the  glass. 

2. Bulk trapping i n  the glass i s  predominant  for  l a r g e  
19 

~a contamination levels (> 5 x 10 

3. Bulk trapping in  the glclss appea r s  to  sa tura te  a t  

about 20'10 of P O coiiccntration. 
2 5  

4. Beyond this contamination leve l  Na dil'fuscs illto tile 

oxide but i s  electrically inact ive a s  seen  by tile Si 

surface.  

/ cc) .  

5. Glass /oxide  interface trzpping i s  p re sen t  2nd p r e -  
18 

dominates  at low Ea and B r  leve ls  (< 5 x 10 / cc) .  

The  m o s t  important  conclusion of th i s  w o r k  i s  that  the phos;>hcailicc.:c 

glass docs m o r e  than t r a p  impuri t izs .  It seems t o  render ii1IpG--:.L:<:s . .  elec---; - c- L 

cally inactive i n  the oxide as  well a s  i n  the g lass .  

s t r u c t u r e  of the oxide o r  possibly- that of the si l icon sur face  bccause  oi a p p r e -  

c-i:ibli: concentrations of phosphorus diffusing th rough  the oxide. 

Glassing ii~ajr a l tc r  the 

This c5,uid 

. ixalcc e lcc t r ica l  s t r e s s ing  ineffectual. Siiice P 0 i s  a desiccant ,  and 2 1 ~ s ~ -  2 5  
0 

ing LX 900 C i s  a drying step,  experiments  to de te rmine  the ro l e  of water  i n  

this  p r o c e s s  could be  essential .  
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S: 2 a :I)- - stat c c:i sti-ibution, N (:<) , of c : i ~  r 2 c ci i m p  u i.; I - i 
-- . . -  

U x i c ; ~ :  in  140s i s  calcuiatcd by so l -~ r lng  the Conti::-,: , C C ~ C L ’  LlcJs  : 2 L C A  LJ( i>  3 S b L A  ~. 

bctwecn 51ocliing electrodes.  Thi-ce c a s e s  are soivecl: (l) ciitic:: i x c ,  

i i L l l y  ionized, (2)  Cation mobile,  rccoiXbining with &,-.,io,; =,car :vi /s I .::c:: - 

~ Z C C : ,  ( 3 )  2 C i G i - l  a:id cation both mobilc. 3 i A s  applied, ~ l ~ t c ;  b : - L C j : : : L ,  -..i 
?,I?. c L L ~ b  -. - I” ioating a r e  coc> i i e red .  

X e s d t s  a r e  compared with zs;icrimcLita1 ~ ( s )  i n  si0 
radia t racer  ana lys i s  a f te r  c i i f  fusion and dr i f t  of Sociium ( 3 ~ ) .  

orl SI G Y Z  
2 

Althougli  t h e  experiLments do nox sat isfy the assumptions of ::--e L~CL:-. ,? 

(ill Far t icc la r  the observed distribctions arc not steady- state), co:?i+-*lso~ 

of Theory with esperi inent  sugges ts :  

1. Pi le -up  of Na in the osidc at the Si i s  due i n  par t  to 

cnarged Na 

Mos t  of the Na i n  the oxide i s  effectively neutrai .  

ATaBr impur i ty  distribution resu i t s  f r o m  associatioli-  

dissociat ion with diffusion and drif t  r a the r  than from 

una s so  c ia te  d i oils. 

+ 
pai red  wi th  image  charge  i n  the Si sur face .  

2. 

3.  

The conciusion that m o s t  Na  in the oxide i s  effectively neuti-ai ,  i c  C c i l -  

s i s t e iit with o t h e  r exp e rim ental r c s ult s . 
These  conclusions i n  t u r n  suggest ;?. imodel to  csplain observed  slow-in/ 

fast-out ic inet ics  of hot-bias e lectr ical  dr i f t  .in MOS. 

i s  due to Na. 

;d;;Si>ci3tiOn) within the oxide; out-dr i f t  i s  drift ol Na 

into :he oxide and i s  relatively independent of oxide s ta te .  

In this  m ~ d c l ,  i:--staSi!ity 

In-dr i i t  of N a  ac ross  the oxide i s .  ra te - l imi ted  by buik tr~r). , ; i i ig 
t 

( ,. f r o x  thc Si i z t c r f acc  

m- 1 ImathellTatical developme-t oi the f i rs t  s t eady-  s ta te  solatiori wzs  giver2 

j A i  t h e  M z r c h  1 filial repor t .  There i t  was showc (Fig.  1 2  ifi t’.--*- * . U L  x 3 o r t j  :kat a 

coiIs;cr\-cd amount of posii;ively-c>.;:ged inipurl ty  \vou;Cri b e  ei-,iirci-; _I driiLec La 



t o w a r d  roughly  U-shaped distribc::icjns z c r o s ; ~  t h e  oxide. 

hand, theory r equ i r e s  that t h c  p r o d a c t  [ Xa ' ] i Br-] be coi;jLz:lt a;-iies,, 

t h e r o  i s  zssociat ion and dissociLtion bet\'v'eci-i tile ions.  

G L  iLie  oti-iLr 
I 

- -  
The foilowing sum,marizes the ideas  which have come o ~ l t  0; tcis 

work :  
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q .  

IOi6 
1000 ' 3000 5000 

DISTANCE FROM AIR INTERFACE (%) 
24 8 2  

, Radiotracer Na , N(x), and Br , P(x), diffusion'at 8OO0C in thermal oxide 
on Si. 
( in  units of l o s 2  cm-2) after 1 min. ,  AN = 4 . 6  compared to integrated impurity 
(from the data shown here) inducing charge in,the Si surface of 6 .  2. 
30 min. AN = 0. 8 compared to 1 .  7 integrated from these data. 

Two different samples (from reference 7) MOS measurements gave 

After 
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Hydration of The rma l  Oxide on Si (G. Holrnberg and J. Hoel) 

Mois ture  contributes to instabil i ty in  MOS devices.  To understand 

th i s  effect  quantitatively, a n  apparatus  has  been constructed to expose a n  

oxide film on sil icon to water  vapor under  equilibrium conditions. 'Vapor 

p r e s s u r e  of water  and tempera ture  of si l icon subs t ra te  a r e  careful ly  con- 

t ro l l  e d. 

. 

var ious  times of hydration. 

Capacitance-voltage measu remen t s  a r e  m a d e  on  the sample  a f te r  

It is expected that f lat-band voltage shifts 

c o r r e l a t e  with amount of hydration. Initial m e a s u r e m e n t s  indicate that  

the small flat-band voltage of fse t ,  s een  with an ini t ia l ly  c lean  and d r i ed  

oxide,  becomes  even smaller af ter  hydrat ion a t  around 200 C. 0 

Much effor t  has  been expended i n  trying to find a suitable probe  which 

, would allow C-V measuremen t s  on a sample without removing i t  f r o m  the 

hydration cell .  

successful .  

ce l l  and evaporate  on  contacts fo r  measurements .  

M e r c u r y  held i n  a teflon s leeve and soft gold have not been 

I t  h a s  recent ly  been decided to remove  the samples  f r o m  the 

In a shor t  t ime,  profiling measu remen t s  wil l  be  s t a r t ed  with rad io-  

actively-tagged wa te r  i n  an  attempt to co r re l a t e  e l ec t r i ca l  measu remen t s  

with ac tua l  ' 'water" distributions in the oxide film. 

Gold i n  Si02/si (C. Slabinski and E. Yon) 

The  p resence  of gold in the bulk depletion region of a n  MOS capaci tor  

should compensate  the bulk impurity doping and r e s u l t  i n  a n  inc reased  de- 

plet ion layer  width and hence a lower capacitance minimum of the C-V 

curve .  

. 

The above experiments  brought to light the fac t  that  evaporated m e t a l  

contacts  a r e  necessa ry  for  reproducible C-V measuremen t s ,  especial ly  

of t h e  capacitance minimum. P robe  contacts  give e r r a t i c  data and often 

yield cu rves  that do not ma tch  theory. 

dots  on the oxide, and gold m e t a l  on the back proved sat isfactory.  

In  the p re sen t  work, aluminum 
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Initial experiments  with rad io t racer  Au198 show that the gold will 

A subsequent rep la te  back onto the si l icon f rom the etching solution. 

soak in  aqua reg ia  removes  the replated gold and +he activity of the com-  

bined etchant and soaking solutions gives  the t r u e  number of gold a t o m s  

i n  the sect ion within 10%. 

Over  5Q samples  have been run with radioactive gold during this  

qua r t e r  . 
Personne l  

During the summer  f o r  10 weeks two summer  r e s e a r c h  fellows a r e  

ass i s t ing  in  this r e s e a r c h .  ~ M r .  E. Greens te in  is supported by the 

National Science Foundation and Mr. J. Hoe1 is supported by o ther  r e s e a r c h  

funds. 

M r .  W, W. Smith Jr. h a s  graduated with the degree  of M.  S. f r o m  

Case.  

Experimental  Equipment and Techniques 

Other personnel  on the grant a r e  unchanged. 

1. A CVC CVE-20 vacuum evaporator has been installed,  which 

i e  available fo r  this research .  

A probe  set-up which is capable'of maintaining samples  a t  77 K 

in  dark  has  been built and incorporated i n  the  C-V plotting system. 

0 2. 

c 
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PUBLICATIONS 

March 1-3 "Ion Drift  i n  MOS-Experiment and Theory",  A. B. 
Kuper, Silicon Interface Special is ts  Conference,  
Las Vegas,  Nevada 

Apr i l  19-22 ' I  Combined MOS and Radiochemical Analysis of 
Impur i t ies  in S i 0  on Si", A. B. Kuper,  *European 

Semiconductor Device .Re s e a r c h  Conference,  
Bad Na.&eirn, Germany. 

2 

May 7-12 '' Theory of Charge Distribution in  MOS Oxide" 
H. P. Caban-Zeda and A. B. Kuper,  E lec t rochemica l  
Society, Dallas.  

Theses ;  

M. S. Elec t r ica l  Engineering, W. W. Smith, Jr. 
June 1967. 
Sodium Impurity i n  The rma l  Oxide on Silicon". 

I 1  Phosphosil icate Glass  Passivat ion Against 

M. S. Electrical Engineering, H. P. Caban-Zeda, 
June 1967. 
Oxide . "Theory  of Impuri ty  Charge in  MOS 

>* NSF Trave l  Grant awarded for a i r fa re .  
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